M
icrosurgical reconstruction of head and neck defects has become commonplace as procedural success, morbidity, and functional outcomes have improved over the last decades. As achievements in technical proficiency begin to plateau, new avenues to improve aesthetic outcomes of such procedures are sought after. Recent efforts include the use of perforator flaps to reduce bulk, flap prelamination, and alternative surgical approaches that improve the final aesthetic result. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Visible skin incisions, as with oncologic resections or traumatic injury, may be unavoidable. This is due to extensive soft-tissue resection during primary tumor extirpation, cervical lymph node dissection, or traumatic soft-tissue defects or extensive lacerations. In such cases, preparation of the recipient vessels is typically approached through the existing incisions or lacerations. There are times, however, when tumor extirpation may be successfully accomplished through an entirely intraoral approach. This includes extensive bony defects unaccompanied by a cutaneous injury or congenital deformity. Extensive microsurgical reconstruction in such cases has traditionally required additional skin incisions in the neck, or even on the face to access adequate recipient vessels. Unfortunately, this diminishes the aesthetic result of an otherwise successful reconstructive effort. approach to the facial vessels for use in microsurgical anastomosis, eliminating the need for any visible skin incisions. This is an effective technique that can be employed during reconstruction of an array of bony or soft-tissue defects of the midface, while minimizing postoperative surgical stigmata. We present a small series of 5 patients with varied pathologies and tissue defects that were successfully reconstructed with free tissue transfer using an entirely intraoral approach, with no visible scars on the face.
METHODS
Between 2012 and 2015, a total of 5 patients with intraoral or bony midface defects underwent free tissue transfer using an intraoral approach for microvascular anastomosis (Table 1) . Three patients were females, and 2 were male. Each patient differed considerably with regard to pathology and the reconstructive requirement. Etiology included traumatic blast injury, palatal mucoepidermoid carcinoma, maxillary fibrous dysplasia, ischemic necrosis from cocaine use, and residual bony midface deformity from remote blunt facial trauma. Patients with trismus were excluded from such an approach because of limited intraoral exposure. This study was conducted in accordance with the Declaration of Helsinki.
Cadaveric Dissection
Cadaveric dissection was undertaken to evaluate the accessibility of the facial artery and vein through an intraoral, transmucosal approach for use in microsurgical anastomosis (Fig. 1) . Before making an incision, the predicted course of the vessels was marked out along the buccal mucosa. An oblique incision was made directly over the vessels, and dissection was carried through the buccinator muscle and into the buccal fat pad until the facial artery was identified. Isolation of the vascular pedicle then proceeded in a retrograde fashion until adequate length was available for microvascular anastomosis. Although the vessels exist in close proximity to branches of the facial nerve, the nerve lies superficial to the vascular structures and was not encountered during the course of the dissection.
Surgical Technique
The standard surgical approach in these cases was quite similar to the initial dissection described for the cadaveric study, with the added advantage of precise identification of the course of the facial vessels with use of Doppler ultrasound. Once the course of the vascular pedicle is defined, an oblique incision is made sharply in the buccal mucosa inferior to Stensen's duct. Dissection then proceeds through the buccinator muscle using electrocautery to maintain hemostasis. Once the buccal fat pad is encountered, blunt dissection is used to avoid injury to the vessels. Circumferential control is obtained, and dissection then proceeds in a retrograde fashion until adequate pedicle length and vessel caliber are obtained for microvascular anastomosis. Facial nerve branches are easily identified superficial to the vessels and are easily able to be retracted without the need for intraoperative nerve monitoring.
The patient is positioned with the head turned 90 degrees so that the side of the recipient vessel exposure is right below the microscopic operative field. The surgeons sit on either side of the head with the microscope at the head of the bed. A Dingman cleft palate retractor is used to expose the intraoral buccal mucosa. Additional elastic skin hooks can be secured to the springs within the grooves of the Dingman cleft palate retractor. This setup provides maximal exposure and retraction not only for the vascular pedicle dissection but also to perform the intraoral anastomosis. For anastomosis, we use a blue background and elevate the vessels by placing a folded neuropaddy to enhance visualization and positioning of the recipient and donor vessels. All of the tissue defects described in this series involve the bony midface; therefore, a tunnel is created deep to the buccal mucosa to pass the vascular pedicle from the recipient site to the facial vessels. Once the donor tissue is available for transfer, it is partially inset into the defect, and the vascular pedicle is carefully transferred through the tunnel into the area of the recipient facial vessels.
CASE 1
A 46-year-old female patient presented for reconstruction of a persistent palatal defect after resection of a mucoepidermoid carcinoma. She had previously undergone an unsuccessful reconstruction with a facial artery myomucosal flap. A full-thickness defect at the junction of her hard and soft palate, with associated hypernasality of speech, was present. An ulnar forearm free flap was planned for reconstruction of the defect.
Debridement of residual scar tissue was undertaken initially at the site of the palatal fistula, leaving a final defect size of 2.5 × 2.5 cm. The right facial artery and vein were identified through a transmucosal incision and retrograde vascular dissection. A 7.5 × 2.5 cm skin paddle was designed and harvested based on the left ulnar artery. The flap was inset in a folded fashion, whereby 1 segment of the flap reconstructed the nasal lining, and 1 segment reconstructed the intraoral palatal lining, with a small intervening area of de-epithelialized tissue secured to the native palate. Microvascular anastomoses to the recipient vessels were completed in an end-to-end fashion through the transmucosal exposure, and adequate perfusion of the flap was confirmed using indocyanine green fluorescent angiography. The patient tolerated the procedure well, with no immediate surgical complications (Figs. 2, 3 ) (Table 1-case 1) .
The patient's postoperative course, however, was complicated by recurrence of a small palatal fistula at the anterior aspect of the previous flap reconstruction. She subsequently underwent rotation advancement of a portion of the ulnar free flap, and simultaneous bilateral palatal mucoperiosteal advancement flaps for closure of the defect. Unfortunately, the patient suffered yet another small recurrence of the fistula, which was successfully obliterated with a second mucoperiosteal advancement flap procedure based off the right greater palatine vessels. The patient has since recovered completely with no additional complications and demonstrates complete resolution of the hypernasal speech.
CASE 2
A 22-year-old male patient presented for reconstruction of a bony right midface deformity with secondary ectropion resulting from a remote injury. He was initially involved in an altercation 4 years before, resulting in a right zygomaticofacial complex fracture with an orbital floor component. Primary open reduction and fixation of the bony injury was unsuccessful, with inadequate reduction of the zygoma. In addition to his bony deformity, the patient also developed secondary ectropion and chronic pain in the maxillary nerve distribution on the affected side. In subsequent procedures, he underwent removal of hardware and reconstruction of the zygoma with a Medpor (Stryker; Kalamazoo, Mich.) implant, ultimately resulting in an unsatisfactory aesthetic outcome without resolution of his chronic pain. He then developed a draining fistula from the right lower eyelid that failed to respond to antibiotic therapy, so the implant was removed and the patient was left with a retruded right midface and lower eyelid ectropion.
Bony reconstruction of the right zygoma was planned using free transfer of an iliac crest bone flap based on the deep circumflex iliac artery (DCIA) system, which was designed through preoperative virtual surgical planning (VSP). The healthy contralateral bone segment was used as a primer for VSP model planning and cutting guide design. Osteotomies and bone flap molding were performed in vivo before ligation of the pedicle. A handheld Doppler was used to identify the right facial vessels from an intraoral approach for use as recipient vessels for microvascular anastomosis. An incision was then made through the right buccal mucosa, and sharp dissection carried down to the buccinator muscle. Once the facial artery and a branch of the facial vein were identified through careful blunt dissection, the incision was extended to the gingivobuccal sulcus near the right maxilla, and the dissection was continued at the subperiosteal level to the zygomatic arch and inferior orbital rim. The fistulized scar tissue was excised, and the preformed flap was inset and fixed into anatomic position using titanium hardware. Arterial microanastomosis was performed using 9-0 nylon suture, and venous anastomosis was performed using a coupler device (Fig. 4, Table 1-case 2) .
The patient's postoperative course was without complication, and he was discharged home on hospital day 2. Upon 2-month follow-up, there was an 80% reduction in pain with excellent patient-reported satisfaction and aesthetic outcome.
DISCUSSION
Free tissue transfer has become the norm for reconstruction of extensive defects of the head and neck with flap survival rates upward of 95%. Technical proficiency over the course of the preceding 3 decades has begun to plateau. 3, [16] [17] [18] [19] [21] [22] [23] [24] [25] [26] [27] As such, our field is experiencing a paradigm shift with regard to microsurgical reconstruction. The focus has shifted from flap survival to other outcomes such as diminished donor site morbidity, function, and aesthetic outcomes of reconstruction.
1,2,4-18
Creating a facial incision and subsequent scar is a common source of discontent with aesthetic outcomes in microvascular reconstruction of the head and neck. 10, 20, 21, 24, 25, 28 The facial artery and vein are robust recipient vessels because they possess the caliber required to avoid gross mismatch in vessel diameter and are easily accessible without deep dissection or risk of compromising essential structures in the neck. Access to the facial vessels is typically approached through a submandibular incision or an incision in the nasolabial fold, which, though well hidden between facial aesthetic subunits, nevertheless results in a visible scar. Although the use of the facial vessels for this purpose has proven to be reliable and technically straightforward, if there is no cutaneous component to the defect, and additional incisions are not required for dissection of lymphatic tissue (as with some oncologic Fig. 4 . a 22-year-old man with a bony defect of the right zygoma, with associated fistulous ectropion of the lower eyelid (a). a free DCia osseous flap (B) was used for reconstruction of the bony defect using an intraoral approach for dissection and microanastomosis to the facial vessels (D). two-month postoperative result (C).
resections), avoiding a skin incision and implementing an intraoral anastomosis may be ideal. The impact of visualizing a facial scar every time a patient looks in the mirror can ultimately diminish one's self-image and taint the overall results of an otherwise excellent reconstruction. In the instance of a defect or lesion that can be accessed entirely via an intraoral approach, our series demonstrates an intraoral anastomosis may be ideal.
The concept of an intraoral approach to the facial artery and vein is not entirely new, but it has not been adopted in the United States. The largest series is from the European literature and includes 9 patients with bony defects of either the maxilla or the mandible, which were reconstructed with either medial femoral condyle, fibula, or iliac crest osseous free flaps employing microvascular anastomosis to either the facial or superior labial vessels through an entirely intraoral approach. 5, 6, 8 Additional case reports describe reconstruction of mandibular or palatal defects using free fibula flaps and anastomosis via an intraoral approach to the recipient facial vessels. 12, 14, 15 The patients described exhibit bony and soft-tissue defects arising from varied pathologies including oncologic, traumatic, and congenital defects demonstrating the applicability of this technique for a multitude of conditions. This series validates prior series with regard to patient selection demonstrating a wide variety of pathology of composite defects of the palate, maxillary alveolar ridge, and zygoma. All patients underwent successful reconstructive procedures utilizing a variety of free flaps in combination with intraoral microvascular anastomosis, obtaining reasonable aesthetic results. An additional advantage with this procedure is that none of the patients in our series, or any other reported cases, required vein grafts to reach recipient facial vessels. There have also been no reported instances of facial nerve injury in these cases, likely relating to the more superficial anatomic location of the nerve when approached intraorally. 5, 6, 8, 12, 14, 15, 29 Our group did not use nerve monitoring to identify the facial nerve branch. Thus far, in our experience, we have found that the facial artery is commonly easier to identify because it is more anterior as compared to the facial vein, which is more posterior requiring deeper dissection. This has led to a more sequential approach in the dissection of recipient vessels.
It would be tempting to classify the tissue defects encountered in this series as being relatively minor and critique it for limited application. However, this series describes the reconstruction of major composite tissue deficits, involving bone and soft tissue, using relatively complex tissue transfers such as the myoosseous DCIA flap. As such, it is more accurate to conclude that further applications of the intraoral approach will be revealed in the future in its application for more extensive maxillary or mandibular reconstruction or complex nasal lining reconstruction. Although these cases are certainly challenging, the advances in technical microsurgical proficiency that have evolved in complex reconstructive cases now allow us the freedom to pursue, expand, and refine more creative solutions to optimize aesthetic outcomes for sophisticated reconstructive procedures. 
